Abstract--This paper proposes modified distribution factors (MDF) for computing the transmission power flows in terms of power generation outputs. The proposed MDF are capable for obtaining higher quality solutions for different power system problems. A modified particle swarm optimization (MPSO) version is proposed to solve the power dispatch problem. Comparison studies based on the optimal generation payment model are performed to show the superiority of the proposed MDF and MPSO compared to the existed methods. In the competitive environment, the use of the proposed distribution factors leads to fair allocation of users' responsibilities in recovery problems such as loss allocation and transmission usage allocation. Added to that, the use of the MPSO leads to competitive generation costs.
I. INTRODUCTION
evelopment of the electricity have been witnessed through radical changes due to deregulation/ privatization process. The traditional vertically integrated systems were divided into individual companies to provide a suitable reduction level of consumer prices by means of competition which is constrained by the available transfer capabilities and the level of transmission congestion. Both power systems planning and operation applications require repetitive computation of transmission power flows and losses. Distribution factors were presented as the generalized generation distribution factors (GGDF) for obtaining the power flows in transmission lines in terms of the injected power generations [1] . Topological generation and load distribution factors for power flows and transmission losses were presented in [2] . A modification of the topological generation and load distribution factors for power flows and transmission power losses was presented in [3] . Reference [4] presented three main market models namely centralized markets, standard auction, spot pricing or hybrid markets. Reference [5] considered the impact of transmission constraints on security constrained generation scheduling problem in the competitive market. The objective function in the earlier models was to minimize the independent system operator (ISO) costs for supplying the load under various system and operational constraints. Different electricity market models were presented to maximize the market profit and minimizing production costs [6] . A probabilistic transmission planning model was evaluated the expansion and reinforcement of transmission system by using adequacy linear programming model in [7] . In the competitive environment of electrical power systems, the simulation of transmission network can be performed using an accurate relation between the power flows in transmission network and the buses injected power. So, one aim of this paper is to obtain an accurate representation of transmission line power flow in terms of the generation outputs. Modern heuristics optimization techniques were considered as practical tools for non-linear optimization problems [8] [9] [10] [11] [12] [13] [14] [15] [16] . Particle Swarm Optimization (PSO) technique was invented by Kennedy and Eberhart in 1995. The PSO is a relatively recent heuristic search method whose mechanics are inspired by the swarming or collaborative behavior of biological populations. The PSO technique is considered as a realistic and powerful solution scheme for solving continuous non-linear optimization problems [8] [9] [10] [11] [12] [13] [14] [15] . Recently, PSO has been successively applied to various fields of power system optimization problems such as for economic dispatch problem considering generation constraint [8] , for minimizing the nonsmooth cost function of economic dispatch problem [9] , scheduling the generation outputs considering Lagrangian relaxation method [10] , reactive power and voltage control [11] , optimal design of power system stabilizer [12] , optimal power flow [13] , state estimation [14] and for unit commitment problem [15] . Reference [16] presented the application of PSO technique to obtain the optimal transmission loss allocation levels at user's buses.. This paper proposes new distribution factors for computing the transmission power flows in terms of injected power generation. Also, a modified version of PSO technique is proposed to solve the optimal power dispatch model.
II. GENERATION DISPATCH FORMULATION
The generation dispatch formulation can be stated as [6] :
Where, C presents the power generation costs which are the sum of generation costs The objectives function of Equation (1) is subjected to the set of system operating constraints including the system power flow equations and line flow limits as:
• Power balance constraint. The total power generated by all generation units should be equal to the forecasted system demand includes both of consumer power demands and transmission losses. The power balance constraint can be written as:
Where, N D is the number of consumer buses.
• Transmission lines constraint The absolute value of the power flow in transmission line k ( ) k PF must be less than the maximum limit of this transmission
Where, NL is the total number of transmission lines.
• Capacity (physical) constraints
The power generation at unit ( ) i PG must be assigned between the minimum and maximum physical limits as: min max , 1, 2,...
III. DISTRIBUTION FACTORS

A. General Generation Distribution Factors (GGDF)
The GGDF are used to compute the power flow in transmission line k as a function of power generation outputs as [1] :
Where: 
B. Proposed Modified Distribution Factors
The proposed MDF depend on the actual power system measurements of the initial power flows in transmission lines and the initial injected power which can be written as: . . 
These factors can alleviate the drawbacks of GGDF which neglect the line resistance and dependent on the selection of slack bus bar as well as consider the bus voltages. The power (4) can be computed using the following equation:
Where,
. . The initial injected power at bus i can be written in terms of the network parameters as:
Where, i V and j V are the voltage at buses i and j, respectively; i I is the injected current at bus i; and ij Y is the bus admittance which connected between buses i and j.
IV. MODIFIED PARTICLE SWARM OPTIMIZATION TECHNIQUE
A modified PSO (MPSO) model is presented, based on the collected information of self and group experience with respect to the current agent positions, for solving the security constrained power generation dispatch problem. The conventional PSO model was expressed as [8] [9] [10] : W is the inertia factor of updating formula. 
The minimum and maximum transitions can be obtained from: Another constraint is the reduction of searching space by applying the limit reduction strategy for generation limits to reduce the searching space through the individual range. The maximum and minimum individual limits can be updated from:
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Where, δ is the reduction space factor; max , k i PG is the maximum power generation i at iteration k; min , k i PG is the minimum power limit at bus i , iteration k.
Equations (16) - (21) are used for updating the current, personal best and global positions of Nind-individuals. The need to adjust the learning coefficient leads to modify the basic PSO (BPSO) to MPSO model. The MPSO reduces the conventional PSO experience terms to a single experience term. The proposed updating formula of the MPSO can be written as:
Where, m C is the learning coefficient of the modified experience term and Nind is the number of PSO individuals.
V. APPLICATIONS
A. Test Systems
The 5-bus [17] and IEEE 57-bus s test systems [18] are used for an extensive study to the proposed MDF and MPSO. The power flow calculations are performed using MATPOWER 3.0 [18] . The IEEE 57-bus test system has 7 generation units and 80 transmission lines. In Tables VI and VII, the optimal power dispatch is presented for the 5-bus test system for load demand equals 180 MW. However, more economical solutions are satisfied using the MPSO dependent on the MDF. The optimal generation costs equal to 372.12 $/hr. while, the use of GGDF leads to generation costs equal to 384.25 $/hr. Table VII compares the results of the optimal power dispatch when line No. 6 is outage for 5-bus test system. The proposed MDF lead to minimize the total generation costs to 379.98 $/hr compared to the GGDF which equal 387.98 $/hr. Table VIII shows a comparison between the BPSO and MPSO techniques using the GGDF and MSF for 57-bus test system. In this table, more reduction in generation costs obtained using the MPSO dependent on MSF. Figure 1 shows a comparison between the power flows in line No. 1 at different operation conditions for 5-bus test system. It is proven that, the use of the proposed MDF leads to more accurate solutions compared to NR technique. Figure 2 shows a comparison between computation times for the IEEE 57-bus test system for the results obtained in Table  VIII . The use of the proposed MDF reduces the computation times compared to the use of GGDF. In this paper, accurate modified distribution factors have been successively presented to compute the transmission power flows in terms of the buses injected power. The proposed MDF have been efficiently applied to optimal power dispatch problem. The advantages of the proposed MDF are: their simplicity, dependency on the actual measurements of power flows and injected power, independent on the selection of the slack bus, dependent on the actual bus voltages and considering the line resistance. The use of the proposed MDF leads to fair allocation of the responsibility of different network users in the deregulated power systems. Also, a MPSO version has been successively applied to solve the optimal power dispatch problem. The MPSO version reduces experience terms to single compact term which leads to more economic solutions at lower computation time compared to BPSO version.
B. Results and Comments
